A clone (F20) containing coding sequences for the cell adhesion molecule uvomorulin was isolated by immunological techniques from a cDNA library in the expression vector Agtll.' The ,B-galactosidase-uvomorulin fusion protein was used to affiity purify anti-uvomorulin antibodies. Affinity-purified antibodies recognized uvomorulin from cell lysates of embryonal carcinoma cells and reacted with the cell surface of embryonal carcinoma cells. The 1.8-kilobase cDNA insert hybridized to a single 4.3-kilobase poly(A)+ RNA species found only in cells expressing uvomorulin. Part of the nontranslated 3' sequences of the cloned uvomorulin cDNA is homologous to the interspersed B1 repeat of the mouse genome.
Cell-cell interactions during embryonic development and in tissue organization involve specific cell-adhesion molecules (CAM) that are functionally defined by antibodies that interfere with cell-cell adhesion (1) (2) (3) (4) (5) .
Uvomorulin is involved in the compaction process of mouse morulae (6, 7) . Later in development uvomorulin is expressed on epithelial cells independent of their germ-layer origin (8, 9) '. In adult tissue, the localization of uvomorulin is restricted to the intermediate junctions of intestinal epithelial cells (10) . Anti-uvomorulin Fab fragments block the aggregation of primary mouse embryonic liver cells (11) , and the rat anti-uvomorulin monoclonal antibody DECMA-1 disrupts the monolayer of canine kidney epithelial (MDCK) cells (34) indicating that uvomorulin also serves as an adhesive factor on adult cells.
Uvomorulin has been characterized as a 120-kDa cell surface glycoprotein (gpl20) from which an 84-kDa fragment (gp84) can be released by trypsin digestion in the presence of Ca2l (7) . Antibodies prepared against each of these two proteins recognize two additional proteins with apparent molecular sizes of 102 (plO2) and 92 (gp92) kDa (8, 9) , respectively. ' The relation of these proteins to gpl20 is beginning to be understood (11) , and it is clear that at least p102 is a true cellular component also expressed on the cell surface (D.V. and R.K., unpublished results). Molecular studies on uvomorulin require molecular probes to establish the relation of the different proteins that share common antigenic sites and a possible homology of uvomorulin with other CAM.
The present paper describes the molecular cloning of uvomorulin cDNA and the uvomorulin mRNA and gives an initial characterization of part of the uvomorulin gene.
MATERIALS AND METHODS Cells. The following cells were used: embryonal carcinoma (EC) cells [PCC4azal, F9 (12, 13) , and 3/A/1-Dl-an EC cell-derived embryonic fibroblast cell line (14) ] and NIH/3T3 cells.
Antibodies. The following rabbit anti-uvomorulin sera were used: anti-gpl20 and anti-gp84 (9) and anti-p102 (D.V. and R.K., unpublished data). A rat monoclonal antibody (DECMA-1) has been selected against gp84 (34) . This monoclonal antibody blocks cell adhesion in a functional cell aggregation assay and recognizes the known set of uvomorulin proteins in immunoprecipitation and immunoblot experiments. Goat F(ab)2 anti-rabbit IgG and sheep F(ab)2 anti-rat IgG, both peroxidase-labeled as well as fluorescein isothiocyanate (FITC)-conjugated goat anti-rabbit IgG were obtained from Cappel Laboratories (Cochranville, PA).
Affinity Column Purified Antibodies. The monoclonal antibody DECMA-1 purified by a rabbit anti-rat IgG affinity column was coupled to CNBr-activated Sepharose 4B
(Pharmacia) at a protein concentration of 3-5 mg/ml of gel. The DECMA-1 affinity column served to purify gp84, obtained after enzyme digestion of plasma membranes either from cultured PCC4azal cells or from F9 tumors (34) .
Approximately 250 ,ug of purified gp84 was collected and was coupled to 0.5 ml of Sepharose 4B. Using the gp84-Sepharose 4B column, anti-uvomorulin antibodies were purified from rabbit anti-gp120, anti-p102, and anti-gp84 sera. All columnbound material was eluted with 0.1 M glycine HCl, pH 2.5. The purification steps were monitored by NaDodSO4/PAGE (15) and immunoblot experiments.
Sepharose 4B affinity columns coupled either with F20 fusion protein or ,B-galactosidase were prepared in the following way. Escherichia coli lysates were separated by NaDodSO4/PAGE, and F20 fusion protein or ,B-galactosidase was electrophoretically eluted from the gels as described (16) . About 50 ,ug of each protein was coupled to 200 ,ul of Sepharose 4B. Immunoprecipitation and Immunoblot. These experiments were carried out as described (9, 17) (20) . Screening of Recombinant Phages with Afflnity-Colu`nnPurified Rabbit Anti-Uvomorulin Antibodies. Affimity-column-purified rabbit anti-uvomorulin antibodies at 5 ,ug/ml of Hb/PBS were used to screen 106 phages on E. coli Y 1090 (20) . The (20) and immunoblotting total cellular proteins (9) .
DNA and RNA Procedures. Mouse genomic DNA was extracted from C57BL/6 spleen as described (21) . RNA from tissue culture cells was extracted as described (22) . Other procedures including enzyme digests of DNA, phage DNA extraction, Southern and RNA hybridization blotting, and nick-translation were essentially as described (23) . Reverse Southern blot analysis was as described (24) . After low stringency Southern blot hybridization the filters were washed in 0.36 M NaCl, 20 mM sodium phosphate (pH 7.4), and 2 mM EDTA for 90 min at 25°C. Single-strand DNA probes from M13 recombinant phages were prepared as described (25 (20) . A library of 3 x 105 independent recombinants was used to isolate bacterial clones that express uvomorulin sequences within a /3-galactosidase-uvomorulin fusion protein. To identify such a clone we prepared highly purified anti-uvomorulin antibodies.
In an initial step, gp84 was purified by a DECMA-1 monoclonal antibody affinity column. The purified gp84 (Fig.  1, lane a) was then coupled to Sepharose 4B to affinity purify anti-uvomorulin antibodies from three rabbit antisera prepared against gpl20, gp84, and p102, respectively. The purified anti-uvomorulin (anti-gpl20) antibodies recognized uvomorulin in immunoblot experiments (Fig. 1, lane b) . Purified antibodies were then used to screen 106 phages ofthe Xgtll cDNA library. One clone, designated F20, was identified and isolated from the library by two cycles of subcloning.
Proteins synthesized by the F20 clone were analyzed in immunoblot experiments. Purified anti-uvomorulin (antigpl20) antibodies reacted with a 165-kDa protein and with some lower molecular weight proteins (Fig. 1, lane c) . The latter most likely represent degradation products normally seen in conjunction with bacterial expression vectors (20) . The 165-kDa protein represents a fusion protein of 3-: galactosidase and part of the uvomorulin protein, which will be called the F20 fusion protein. No antibody reaction was found against proteins synthesized by other clones including Xgtll hosting bacteria (Fig. 1, lane d) . In addition, the affinity-column-purified p102 and gp84 antibodies recognized the F20 fusion protein while the IgG fractions of preimmune sera and the monoclonal antibody DECMA-1 did not (data not shown).
To demonstrate the identity of the uvomorulin domain in the F20 fusion protein, F20 fusion protein and ,-galactosidasewere purified, and each was coupled to Sepharose 4B. The respective columns were used as immunoadsorbants to purify anti-gpl20, anti-p102, or anti-gp84 antibodies. Un- 
were analyzed. Only the antibodies eluted from the F20-fusion-protein affinity column recognized uvomorulin from EC cell lysates in immunoblot and immunoprecipitation experiments ( Fig. 2A, lanes d and f) . The different antibody reactivity pattern between the immunoprecipitation and immunoblot is due to NaDodSO4-sensitivity of antigen-antibody recognition (D.V. and R.K., unpublished observation). The eluted antibodies decorated the cell surface of EC cells in an indirect immunofluorescence test (Fig. 2B) . Thus, F20-fusion-protein affinity-purified antibodies show a reactivity pattern identical to that ofwhole rabbit anti-uvomorulin serum or the monoclonal antibody DECMA-1. Antibodies eluted from the p-galactosidase affinity column reacted neither with the F20 fusion protein nor with uvomorulin from cell lysates of EC cells (Fig. 2A, lanes c and e) .
Characterization of the F20 cDNA Clone. Clone F20 contains a 1.8-kilobase (kb) insert (Fig. 3) DNA fragments 0.7 kb and 1.1 kb in length were isolated and inserted in plasmid pUC 9 . We refer to these subclones as F20A (0.7 kb) and F20B (1.1 kb).
To relate the cloned uvomorulin cDNA sequences to genomic mouse DNA, Southern blots with EcoRI-digested mouse DNA were probed with F20 DNA. A broad intensive smear indicated that clone F20 carried highly repetitive sequences. Further analysis using subclones F20A and F20B as probes indicated that the repetitive sequences are located on subclone F20B (Fig. 3, lane b) . F20A sequences are present at maximum twice in the mouse genome as suggested by only two genomic fragments sharing F20A homologous sequences (Fig. 3, lane a) . Hybridization of the F20A probe under low stringency conditions revealed no additional F20A homologous DNA fragments (data not shown).
To further delimit the position of the repetitive sequences in clone F20, insert DNA was digested with any combination of restriction enzymes shown on the restriction map (Fig. 3) . Southern blots of the digests were probed with nick-translated, 32P-labeled genomic mouse DNA. These experiments allowed us to localize the repetitive sequences within the 300-base pair Pst I restriction fragment present in clone F20 (Fig. 3) .
Uvomorulin cDNA Hybridizes to a 4.3-kb Poly(A)+ RNA.
Uvomorulin mRNA was identified by RNA blot hybridization analysis by using nick-translated or single-strand DNA from clones F20, F20A, and F20B as molecular probes. DNA from clone F20 or F20B hybridized to a 4.3-kb poly(A)+ RNA from F9 cells and to a series of differently sized poly(A)+ RNA molecules including those as small as 200-300 base pairs. These data indicate the presence of a repeated element on uvomorulin cDNA that is most apparent when RNA blots are overexposed (Fig. 3, lane d) . In contrast, clone F20A hybridized to a single poly(A)+ RNA that is identical to the prominent 4.3-kb poly(A)+ RNA detected with the clone F20 and F20B probes (Fig. 3, lane c) . This suggests that the 4.3-kb poly(A)+ RNA is uvomorulin mRNA and that other poly(A)+ RNAs detected with clones F20 and F20B contain sequences homologous to the repetitive sequences present on the Pst I fragment. Consequently, the 4.3-kb poly(A)+ RNA should be present in cells expressing uvomorulin protein (F9 and PCC4azal cells) and could possibly be absent from cells that lack uvomorulin (3T3 and 3/A/1-D1 cells). To test this, poly(A)+ RNA was prepared from these cells, and similar amounts of poly(A)+ RNA were electrophoresed and transferred to nitrocellulose sheets to be probed with F20A cDNA. The 4.3-kb poly(A)+ RNA species was found in F9 and PCC4azal but not in 3T3 and 3/A/1-D1 cells (Fig. 4) . This provides further evidence that the 4.3-kb poly(A)+ RNA is uvomorulin mRNA.
To determine the orientation of the F20 cDNA clone, the F20A fragment was inserted in M13 phage DNA and singlestrand probes were used for RNA blot analysis. Only one strand hybridized to the 4.3-kb poly(A)+ RNA. The 3'-5' orientation of the F20 cDNA clone is shown in Fig. 3 . The repetitive sequences were thus found to be located close to the 3' end.
The 3' End of Uvomorulin mRNA Contains a B1 Repeat. The partial sequence of F20 DNA is outlined in Fig. 5 . This portion contains the repetitive sequences. Computer analysis revealed strong homology to the mouse repetitive element B1 (27) . Homologous sequences are also present in the 5' flanking region of the a-fetoprotein gene (28) and the MHClike pseudogene (29) (see Fig. 5 ). The sequences flanking the B1 repeat from the three genes are different. The lack of an open reading frame indicates that the repetitive B1 homologous DNA sequence is part of the nontranslated 3' end of the uvomorulin transcript.
DISCUSSION
This report presents the isolation and characterization of a cDNA that contains coding sequences for the CAM uvomorulin. The identification of uvomorulin sequences in clone F20 is based on direct immunological techniques in conjunction with the F20 fusion protein produced by the Xgtll expression construct. Antibodies eluted from an F20-fusion-protein affinity column react specifically with uvomorulin from cell lysates of EC cells and bind to the cell surface of EC cells. Thus, these antibodies exhibit characteristics identical to those of the three rabbit anti-uvomorulin antisera and the monoclonal antibody DECMA-1. Interestingly, we found only a single 4.3-kb poly(A)+ RNA species, which implies that the heterogeneity of uvomorulin proteins detected with anti-uvomorulin antibodies (gpl20, p102, and gp92) is not the result of a heterogeneous mRNA population. However, these proteins were recognized by antibodies eluted from the F20-fusion-protein affinity column, indicating that common antigenic sites were coded for by the cloned sequence. This suggests that these various proteins are the product of posttranslational processing rather than differentially spliced mRNA or different mRNA species of a multigene family. In agreement with this interpretation we observed at high and low stringency hybridization conditions a maximum of two genomic DNA fragments, which indicates either an intronic gene structure or the presence of a second uvomorulin-related (pseudo)gene.
A striking feature of the uvomorulin cDNA clone is the presence of a highly repetitive, dispersed sequence at the 3' end. This sequence is present in many other poly(A)+ RNAs '10101-U.Nelopmental Biology: Schuh et al.
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and contains no open reading frame in uvomorulin mRNA. It is homologous to the interspersed B1 repeat present in 105 copies per haploid mouse genome (30) . Similar homologies to the B1 repeat have so far been found close to the 5' flanking region of two single copy genes, the a-fetoprotein gene (28) and the MHC-like pseudogene in mouse (29) . In addition, Kramerov et al. (30) have found RNA containing the Bihomologous Sequences in both the nucleus and the cytoplasm. In the latter, transcripts are preferentially found in small (0.3-kb) poly(A)+ RNA fractions but are also included in some higher molecular weight species. The functional significance of such a sequence organization remains elusive.
These elements may happen to be positioned in developmentally regulated transcription units without consequences in gene expression. Alternatively, the association of repetitive sequences with genes whose expression is developmentally regulated might be indicative of regulatory elements interacting with a common regulator (for discussion, see ref. 31 ). In light of this, it will be important to relate the uvomorulin repeated structure to CAM genes of other species. It has already been shown that uvomorulin is expressed on epithelial cells of other species (32, 34) , and we have detected uvomorulin homologous sequences in these species as well (unpublished observation). It will be interesting to see whether these genes and the cloned chicken L-CAM sequences (33) are associated with repetitive sequences to elucidate the possible relation of CAM gene expression in conjunction with repeated sequences.
Note Added in Proof. We have now prepared a rabbit serum against F20 fusion protein that recognizes uvomorulin from EC cell lysates and decompacts EC cell aggregates.
